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(54) Water-repellent glass plate 

(57) The invention relates to a water-repellent glass 
plate. This glass plate has a glass substrate having a 
major surface and a water-repellent film formed on the 
major surface of the glass substrate. The water-repel- 
lent film is prepared by an application of a water-repel- 
lent agent which is in a liquid form, to the major surface 
of the glass substrate, while the glass substrate is 
heated at a temperature of from 90 to 200 °C. The glass 
plate is superior in water repellency duration even under 
severe environment. 
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Description 

BACKGROUND OF THE INVENTION 

5 The present Invention relates to glass plates each having thereon a water-repellent film. Such water-repellent glass 
plates can be used for various industrial uses (e.g.. mirror), architectural windows, automotive windows, watercraft win- 
dows, and aircraft windows. The water-repellent film Is required to have good weather resistance, good abrasion resist- 
ance, good scratch resistance, and good durability, as well as good water-repellency, for a long time. The water- 
repellent film is further required to have no defects such as cracks. The water-repellent film is still further required to be 

10 formed on a glass substrate in an easy, effective manner. 

Hitherto, various water-r^ellent glass plates (panes) have been proposed. For example, Japanese Patent Unex- 
amined Publication JP-A-60-231442 discloses a water-repellent film formed on a glass substrate. This film Is made of 
a mixture of a first polymer for enhancing the attachment of the film to the glass substrate and a second polymer for 
imparting water repellency to the film. The proportion of the first polymer in the film gradually decrease from the glass 

15 substrate surfece toward the outer surface of the film, and in contrast that of the second polymer therein gradually 
increase. The water-repellent film is formed thereon, for example, by plasma polymerization method, in this publication, 
the temperature of the glass substrate during the formation of the water-repellent film is not disclosed nor suggested at 
all. 

JP-A-3-205327 discloses a method for producing a water-repellent glass plate. This method comprises a first step 
20 of applying a polysiloxane compound to a glass substrate and a second step of attaching the polysiloxane compound 
to the surface of the glass substrate by corona discharge or ultraviolet irradiation. The polysiloxane compound contains 
at least one group selected from -OR, -NH2, -ON=C-R2. and -O-COR where R is hydrogen or an alkyi group having a 
caiton atom number of from 1 to 4. In this publication, the temperature of the glass substrate during the first step is not 
specified at all. 

25 jp-A-5-51 238 discloses a water-repellent glass plate having a glass substrate and a water-repellent layer formed 
thereon. The water-repellent layer has a metal oxide phase and water-repellent fine particles (e.g., PTFE and BN) dis- 
persed in the metal oxide phase. In this publication, the temperature of the glass substrate during the application of a 
coating liquid for forming the water-repellent layer is not specified at all. 

JP-A-6-279062 discloses a water-repellent glass plate having a glass substrate, a silicon oxide coating layer 

30 formed on the glass substrate, and a water-repellent layer formed on the coating layer. The water-repellent layer is pre- 
pared by vacuum CVD method and is made of a fluorosilicone which is represented by the formula of 
CF3(CF2)p(CH2)mSiXn(CH3)3.n where X is chlorine 5^psi 5, m=2, and 1 ^n^3. This fluorosilicone has at least one chlo- 
rine at its one end. It is preferable that the fluorosilicone layer of this publication is attached thereto by vacuum CVD 
method, while the glass substrate is heated, in order to accelerate its reaction with the surface of the glass substrate. It 

35 is stated in this publication that the heating tenrperature of the glass substrate varies depending on the kinds of the 
material of the glass substrate surface and on the kinds of water-repellent agent, and that a heating temperature of from 
40 to 100 (e.g., about 80 °C) will suffice. 

There is a demand for a water-repellent glass plate that has superior abrasion resistance for a long time. 

40 SUMMARY OF T HE INVENTION 

It is therefore an object of the present invention to provide a water-repellent glass plate that has superior abrasion 
resistance for a long time. 

It is a more specific object of the present invention to provide a glass plate having a water-repellent film that has 
45 superior abrasion resistance and thus exhibits superior water-repellency for a long time even under severe environ- 
ment. 

It is another object of the present invention to provide a method for producing such water-repellent glass plate. 

According to the present invention, there is provided a water-repellent glass plate comprising a glass substrate hav- 
ing a major surface, and a water-repellent f ilm formed on the major surface of the glass substrate. The water-repellent 
50 film is prepared by an application of a water-repellent agent which is in a liquid form, to the major surface of the glass 
substrate, while the glass substrate is heated at a temperature of from 90 to 200 ""C. Due to this heating, chemical bond 
between the water-repellent film and the glass substrate becomes substantially strong. Thus, a water-repellent glass 
plate according to the present invention has superior abrasion resistance and thus exhibits superior water-repellency 
for a long time even under severe environment Furthermore, it has no defects such as cracks and can be prepared with 
55 easiness, stability, safety, and efficiency According to the present invention, the water-repellent glass plate has an 
optional metal oxide film formed on the major surface of the glass substrate. In this optional case, the metal oxide film 
is interposed between the glass substrate and the water-repellent film. 

According to the present invention, there is provided a method for producing a water-repellent glass plate having a 
glass substrate having a major surface. This method comprises a step of (a) forming a water-repellent film on the major 
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surface of me glass substrate by applying a water-repellent agent *° "^'^ ^^'^^ 

glass substrate, while the glass substrate is heated at a tenperature of from 90 to 200 C. 

PR IPF ngRCRip TIOM '^F thf drawinqS 

Rglisagraph Showing the variation of the corrtact angle of waterdrop disposed on the««J^^^^ 

hie hian farmed In accordance with Example 7b and then subjected to an abrasion resistance test of 3.500 reap 

!:^?onrjstrhSe^^^^^ 

agent to the glass substrate; . ^ ^ 

Fia 2 is an elevational side view of a traverse-type abrasion resistance tester; ana ^ ^ ^. 

Fig: 3 Is a phX^h taken by AFM. showing the minutely rough surfece of the glass substrate according to Exam- 

pie 8. 

S lert Sem is needed for the application to a glass substrate having a large swface 
STSi lie water-repellent glass plate. The heating temperature is preferably ^^^^J^.^^"^^ 
TOT pruuuui y «k/x.* iin »n phniit 160 When the water-tepe ent agent is applied to the glass substrate, me 
TsSe J^y bt^^ fro^l^m^^^^^ tenJS.^ to the abLe spec«led temperature Mema«vel. when ^ 
SbS sSate hTs the above specified temperature during various treatments, such as heat tempering the g^ass 
ite SfrSlnt foTpre^^^ a laminated glass plate, and the like, the water-repellent agert rriay be apphed 
to SssSi^nfe ^^^^^ is preferably taken, because there is no need c« hea^ng only for the purpose of 

J^ wrcXSow automotive wincL. and the like. The glass '^^^.^''^J 

nno <iuh<;tance selected from plastics, ceramics other than glass, and the like. 

?n ?S invenik.riti^^^^^^ to make the major surface of the glass substrate minutely rough by ^ratct^-ng an 
obieS SSe m jor £^ce thereof. In case that the functional thin flm is fomr,ed on the g a^ 11^^' 
STeSS tSe Snrttonal thin film minutely rough in the same manner as above. The object can be atl^^l one 

minutely rough surface has substantially linear stripes which are arranged in one direction. Herein. »°,'Pf^^^^ 
S«l toTsSstantially linear depressions (grooves) formed on the major surface of the glass substrate and as sub- 
.rtantialtv linear land oortions each being defined between two of the linear depressions. 

^nle i^^S.'lSiLrtat^^ exar^les of the water-repellent compound used for the water-repellent agent are 



perfluoroalkylsilane compounds, such as 
CF3(CF2)nCH2CH2Si(OCH3)3 where n is 3. 5 or 7, 
CF3(CF2)nCH2CH2SiCl3 where n is 3, 5 or 7. 
50 ^ 
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Sr?^^^S^ic!JfocS"!l The water-repellent agent may further contain solvent and catalyst, in addition to 
tTeSSSS^d^T^s^e^^^^^^ 'eaJt one compound selected from 'ower alco|,ols eac^^^^^^^^ 
S^SnrbeTZ to 5 and ethers. The lower ^cohols m^ be isoprowj ^. 
Stalvst of the water-repellent agent may be at least one add catalyst selected from nitric acid. f 
SiSSd and oSanictcids such as acetic acid. The catalyst concentration of the water-repellent agert « ~t paijcu^ 
S lirnrted The water-repellent agent can be prepared, for example, by mixing ^ P^^^^^ "^^M of a 
S^llSlsila.icompouixl.25paribyw^^^ 

by stirring the mixture for at least about 1 hr at room temperature. „^„ai fhin film hv at least 

In the invention, the water-repellent agent may be applied to the glass substmte or the functional thin film by at least 
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one of conventional methods, such as rubbing with cotton doth, brushing, spraying, flow coating, spin coating, curtain 
flow coating, roller coating, and printing. It is preferable that the water-repellent film fbrmed on the glass substrate or on 
the functional thin film is a monomolecular film having a thickness on the order of nanometers. It is preferable that the 
water-repellent film is chemically bonded to the major surface of glass substrate by siloxane bond. In the invention, it is 
optional to forcibly dry the water-repellent film by heating to evaporate the solvent. 

As stated above, when the water-repellent agent is applied to the glass substrate or to the functional thin film 
formed thereon, the glass substrate is heated at a temperature of from 90 to 200 °C. With this heating, there is obtained 
very strong chemical bond between the water-repellent film and the glass substrate or the functional thin film. For exam- 
ple, the water-repellent film is strongly bonded to silanol groups on the glass substrate surface, by the heating at the 
above specified temperature. Thus, the water-repellent film becomes superior in abrasion resistance and weather 
resistance, and therefore exhibits superior water-repellency for a long time even under severe environment. 

The following nonlimitative examples are illustrative of the present invention 

EXAMPLE 1 

At first, a water-repellent agent was prepared, as follows. One part by weight of a perfluoroalkylsilane compound. 
CF3(CF2)7CH2CH2Si(OCH3)3 having a trade name of TSL8233 made by Toshiba Silicone Co.. was mixed with 25 parts 
by weight of isopropyl alcohol (solvent) made by Kishida Chemical Co. and one part by weight of 60% nitric acid (cata- 
lyst) made by Kishida Chemical Co. The resultant mixture was stirred at room temperature for about 1 hr, thereby to 
prepare the water-repellent agent in the form of liquid. 

Separately, a float glass substrate having a width of about 100 mm. a length of about 200 mm and a thickness of 
about 3.5 mm was abraded with ceria powder, then washed vkrith tap water, and then rinsed with distilled water. The thus 
treated glass substrate was allowed to stand still for 40 min in a dryer heated at about 150 'C. When the temperature 
of the glass substrate reached to about 1 30 °C. it was taken out quickly from the dryer. Immediately after that, the water- 
repellent agent was applied to the glass substrate with a commercial brush. About 1 min later, an excessive amount of 
the water-repellent agent was removed by a commercial paper wiper. KIM TOWEL (trade name), thereby to prepare a 
water-repellent glass plate (i.e.. a test piece having dimensions of 100 mm and 200 mm). 

The test piece was found to have no defects such as cracks. It was subjected to an abrasion resistance test. In this 
test, as shown in Fig. 2, a piece of canvas 10 was slidingly moved on the water-repellent film 12 formed on the glass 
substrate 14. in a manner to traverse the test piece, using a traverse-type abrasion resistance tester 16, with a stroke 
of 1 00 mm, at a rate of 30 reciprocations per minute. In this test, a load of 0. 1 kg/cm^ was added to the piece of canvas, 
in accordance with Japanese Industrial Standard (JIS) L 3102-1961-1206, of which disclosure is incorporated herein 
by reference in its entirety The contact angle of water drop (2 ^1 of pure water) disposed on the water-repellent film was 
measured by the CA-A type contact angle tester made by Kyowa Kaimen Kagaku Co. in the atmosphere at about 25 
*»C, before the test, and after 1 .000, 2.000 and 3.500 reciprocations of the piece of canvas. The results are shown in 
Table. In this test, a contact angle of at least about 95 degrees (preferably at least about 1 00 degrees) after 3.500 recip- 
rocations was judged as being satisfactory, with respect to abrasion resistance of the water-repellent film. 
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Contact Angle before 
Abrasion Res. Test 


Contact Angle after Abrasion Resistance Test f") 






1,000 reciprocations 


2,000 reciprocations 


3,500 reciprocations 
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108 


108 
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110 
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Example 4 
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107 
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Example 5 


111 


109 


108 


107 


Example 6 


109 


108 


108 


107 


Example 7a 


110 


107 


107 


104 


Example 8 
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Com. Ex. 1 


107 


85 


77 


57 


Com. Ex. 2 


110 


90 


55 


46 


Com. Ex. 3 


117 


65 


45 


28 


Com. Ex. 4 


111 


89 


78 


69 



In addition to the contact angle of water drop, the angle of inclination of the test piece to make water drop of 45 ^1 
start falling down thereon was measured, before the abrasion resistance test, and after 3,500 reciprocations. As to the 

30 angle of inclination, an angle of up to about 40 degrees after 3,500 reciprocations was judged as being satisfiactory. It 
was found that the difference between the angles of inclination before the test and after 3,500 reciprocations was small. 
This means that water repellency of the test piece did not decrease so much by the abrasion resistance test. 

The test piece was further subjected to an accelerated weathering test. This test was conducted for about 800 hr 
at about 35 ^C. in a relative humidity of about 50%, by intermittently irradiating the test piece with super ultraviolet rays 

35 for about 1 50 hr. with a distance of about 25 mm between a super ultraviolet lamp and the surface of the test piece, with 
an irradiation power per unit area of the test piece of about 75 mW/cm^. Before and after the weathering test, the con- 
tact angle of water drop on the test piece and the angle of inclination of the test piece were respectively measured in 
the same ways as above. The contact angle and the angle of inclination were found as being respectively satisfactorily 
high and low. even after the weathering test. 

40 It was tried to measure thickness of the water-repellent film of the test piece by an analytical equipment, DEKTAK 
3030 (trade name) of Sloan Co. It was difficult, however, to conduct the measurement, because thickness of the water- 
repellent film was up to a thickness of from about 1 0 to about 1 5 nm. Therefore, the water-repellent film was judged to 
be a monomolecularfilm. 

The test sample was further subjected to other conventional evaluation tests required for evaluating various coating 
45 films formed on glass articles and various glass articles themselves, such as architectural, industrial and automotive 
windows. The results of these evaluation tests were satisfactory. 

EXAMPLE 2 

so In this example. Example 1 was repeated except in that temperature of the glass substrate at the time of the appli- 
cation of the water-repellent agent thereto was about 90 ""C, in place of about 130 ^'C. The water-repellent film formed 
on the glass substrate had no defects such as cracks and was a monomolecular film. The results of the measurement 
of the contact angle of water drop before and after tiie abrasion resistance test are shown in Table, and the results of 
the other evaluation tests were satisfactory as in Example 1 . 

55 

EXAMPLE 3 

In this example, Example 1 was repeated except in that temperature of the glass substrate at the time of the appli- 
cation of the water-repellent agent thereto was about 140 ""C, in place of about 130 ""C. The water-repellent film formed 
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on the glass substrate had no defects such as cracks and was a monomolecular film. The results of the measurement 
of the contact angle of water drop before and after the abrasion resistance test are shown In Table, and the results of 
the other evaluation tests were satisfactory as In Example 1. 

5 EXAMPLE 4 

In this example, Example 1 was repeated except in that CF3(CF2)7CH2CH2SiCl3 was used as a perf luoroalkylsilane 
compound of the water-repellent agent, in place of CF3(CF2)7CH2CH2Si(OCH3)3. The water-repellent film formed on 
the glass substrate had no defects such as cracks and was a monomolecular film. The results of the measurement of 
10 the contact angle of water drop before and after the abrasion resistance test are shown in Takde, and the results of the 
other evaluation tests were satisfactory as in Example 1 . 

EXAMPLE 5 

15 In this example. Example 1 was repeated except in that CF3(CF2)7CH2CH2SiCH3(OCH3)2 was used as a perfluor- 
oalkylsilane compound of the water-repellent agent, In place of CF3(CF2)7CH2CH2Si(OCH3)3. The water-repellent film 
formed on the glass substrate had no defects such as cracks and was a monomolecular film. The results of the meas- 
urement of the contact angle of water drop before and after the abrasion resistance test are shown in Table, and the 
results of the other evaluation tests were satisfactory as in Example 1 . 

20 

EXAMPLE 6 

In this example, Example 1 was repeated except in that the water-repellent film formed by the application of the 
water-repellent agent with a brush was dried at about 100 ''C for about 30 min. The water-repellent film formed on the 
25 glass substrate had no defects such as cracks and was a monomolecular film. The results of the measurement of the 
contact angle of water drop before and after the abrasion resistance test are shown in Table, and the results of the other 
evaluation tests were satisfactory as in Example 1. 

EXAMPLE 7a 

30 

In this example, Example 1 was repeated except in that 0.1 N nitric acid aqueous solution was used in the prepa- 
ration of the water-repellent agent. The water-repellent film formed on the glass substrate had no defects such as 
cracks and was a monomolecular film. The results of the measurement of the contact angle of water drop before and 
after the abrasion resistance test are shown in Table, and the results of the other evaluation tests were satisfactory as 
35 in Example 1. 

EXAMPLE 7b 

In this example, the water-repellent glass plates (test pieces) were prepared in accordance with Example 7a except 
40 In that the temperature of the glass substrate at the time of the application of the water-repellent agent was varied from 
about 25 to about 220 ""G as shown in Fig. 1 , in place of about 130 ""C Then, each test piece was subjected to the abra- 
sion resistance test of 3.500 reciprocations in the same manner as that of Example 1. The results of the measurement 
of the contact angle after this abrasion resistance test are shown in Fig. 1. 

45 EXAMPLE 8 

In this example, the water-repellent glass plate was prepared as follows. At first, a float glass substrate which is the 
same as that of Example 1 was abraded by using an alumina powder having an average particle diameter of about 5 
fim and a brush, in a manner to form thereon scratches which are arranged in one direction to traverse the glass sub- 
so strata. Then, the glass substrate was washed In the same manner as that of Example 1 . 

Then, the surface of the glass substrate was observed by using an atomic force microscope (AFM) mode of a scan- 
ning probe microscope, SP 13700 (trade name) of Seiko Denshi Co., with 5 ^m square scanning, and its photograph is 
shown in Fig. 3. As shown in Fig. 3, it was found that the glass sul>strate surface was minutely rough and had substan- 
tially linear depressions (grooves) each having a depth of from about 10 to about 400 nm. Furthermore, it was found 
55 that the glass substrate surface had substantially linear larKi portions each being defined by two of the linear depres- 
sions and that these depressions and land portions were substantially arranged in one direction. The center line aver- 
age roughness (Ra), which is defined in JIS B 0601. of the glass substrate surface observed with this microscope was 
found to be from about 3 to about 6 nm. 

Then, the glass substrate was allowed to stand still in a dryer heated at about 150 ""C, for about 20 min. When the 
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glass substrate reached to a temperature oJ from 120 to 130 'C. it was quickly taken out therefrom. Immediately after 
that the water-repellent agent of Example 1 was applied to the glass substrate by using a commercial brush. About one 
minute later, an excessive amount of the water-repellent agent was removed In the same manner as that of Example l . 
thereby to form a water-repellent film on the glass substrate. 

The water-repellent film had no defects such as cracks and was a monomolecular film. The results of the measure- 
ment of the contact angle of water drop before and after the abrasion resistance test are shown in Table, and the results 
of the other evaluation tests were satisfactory as in Example 1. 

COKflPARATIVE EXAMPLE 1 

At first a float glass substrate having a width of about 1 00 mm. a length of about 200 mm and a thickness of about 
3 5 mm was washed by using a commercial automatic washer for glass substrates, WM-350H (trade name) of Bando 
Kiko Co. Then, the water-repellent agent was applied to the glass substrate at room temperature, about 25 "C, thereby 
to prepare a water-repellent glass plate. In other words, the temperature of the glass substrate was about 25 'C at the 
time of the application. Then, the water-repellent glass plate was subjected to the same waluation tests as those of 
Example 1 . As shown In Table, the test piece was found to be inferior in water repellency duration under a severe envi- 
ronment (i.e., the abrasion resistance test). 

COMPARATIVE EXAMPLE 2 

20 

In this comparative example. Comparative Example 1 was repeated except in that the water-repellent film was dried 
at about 1 40 ^'C for about 30 min after the application of the water-repellent agent. As shown in Table, the test piece was 
found to be inferior in water repellency duration under the severe environment. 

25 COMPARATIVE EXAMPLE 3 

At first a float glass substrate was coated with a first aqueous solution prepared by hydrolyzing tetraethoxysilane. 
by dip coating method. Then, the coated glass substrate was dried at about 270 ^C for about 1 0 min and then baked at 
about 620 oQ for about 10 min. thereby to form a SiOg film on the glass substrate. This film was found to be about 150 
nm In thickness. Then, a second aqueous solution prepared by partially hydrolyzing heptadecatridecytf luoroalkylsilane 
CF3(CF2)7CH2CH2Si(OCH3)2 was applied to the SiOa film to form a water-repellent film on the S1O2 film. Then, the thus 
coated glass substrate was heated at about 1 40 «C for about 30 min. thereby to prepare a water-repellent Q^ass Plate. 
This glass plate (test piece) was subjected to the same evaluation tests as those of Example 1 . As shown in Table, the 
test piece was found to be inferior in water repellency duration under the severe environment. 
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COMPARATIVE EXAMPLE 4 



In this comparative example. Example 1 was repeated except in that the temperature of the glass substrate was 
about 50 *>C at the time of the application of the water-repellent agent. As shown in Table, the test piece was found to 
40 be inferior in water repellency duration under the severe environment. 

The entire disclosure of Japanese Patent Application No. 8-131595 filed on May 27. 1996 including specification, 
claims and summary is incorporated herein by reference in its entirety. 
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Claims 

1 . A water-repellent glass plate comprising: 

a glass substrate having a major surface; and _ 
a water-repellent film formed on said major surface of said glass substrate, said water-repellent film being pre- 
pared by an application of a water-repellent agent which is in a liquid form, to said major surface of said glass 
substrate, while said glass substrate is heated at a temperature of from 90 to 200 ^-C. 

2. A glass plate according to claim 1 . wherein said major surface of said glass substrate is a minutely rough surface 
formed by a scratch of an object against said major surface thereof. 

3. A glass plate according to claim 2, wherein said minutely rough surface has substantially linear stripes which are 
arranged in one direction. 

4. A glass plate according to claim 3. wherein said linear stripes are substantially linear depressions formed on said 
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major surface of said glass substrate. 

5. A glass plate according to claim 3. wherein said linear stripes are substantially linear land portions each being 
defined between two of said linear depressions. 

5 

6. A glass plate according to claim 2. wherein said object is at least one selected from the group consisting of pow- 
ders» abrasives, brushes, steel wools, and clothes. 

7. A glass plate according to claim 6, wherein said powders are ceria powder and alumina powder, and one of said 
10 clothes is flannel. 

8. A glass plate according to claim 1 , wherein said water-repellent agent contains at least one perfluoroalkylsilane 
compound selected from the group consisting of 

IS CF3(CF2)nCH2CH2SI(OCH3)3 where n is 3, 5 or 7, 

CF3(CF2)nCH2CH2SiCl3 where n is 3, 5 or 7, 
CF3(CF2)7CH2CH2SiCH3Cl2. and 
CF3(CF2)7CH2CH2SiCH3(OCH3)2. 

20 9. A glass plate according to claim 8, wherein said water-repellent agent further contains a solvent, a catalyst and 
water. 

10. A glass plate according to claim 9, wherein said solvent is at least one compound selected from the group consist- 
ing of alcohols each having a cartx)n atom number of up to 5 and ethers. 

25 

11. A glass plate according to claim 10, wherein said alcohols are isopropyl alcohol, methanol, and ethanol. 

12. A glass plate according to claim 9, wherein said catalyst is at least one selected from the group consisting of nitric 
acid, hydrochloric add, sulfuric acid, and acetic acid. 

30 

13. A glass plate according to claim 1 , wherein said water-repellent film is a monomolecular film. 

14. A water-repellent glass plate comprising: 

35 a glass substrate having a major surface; 

a metal oxide film formed on said major surface of said glass substrate; and 

a water-repellent film formed on said metal oxide film, said water-repellent film being prepared by an applica- 
tion of a water-repellent agent which is in a liquid form, to said metal oxide film, while said metal oxide film is 
heated at a temperature of from 90 to 200 ""C. 

40 

1 5. A glass plate according to claim 1 4, wherein said metal oxide film has a minutely rough surface formed by a scratch 
of an object against said rnetal oxide film. 

1 6. A method for producing a water-repellent glass plate having a glass substrate having a major surface, said method 
45 conprising a step of: 

(a) forming a water-repellent film on said major surface of said glass substrate by applying a water-repellent 
agent which is in a liquid form, to said major surface of said glass substrate, while said glass substrate is 
heated at a temperature of from 90 to 200 ''C. 

so 

17. A method according to claim 16, wherein, prior to the step (a), said major surbce of said glass substrate is nriade 
minutely rough by a scratch of an object against said major surface thereof. 
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